IMPORTANCE Cardiovascular disease (CVD) remains the leading cause of mortality worldwide.
Introduction
Cardiovascular disease (CVD) remains the leading cause of death worldwide. 1 In addition to longrecognized risk factors for CVD, such as smoking, hypertension, and diabetes, the unfavorable health consequences of physical inactivity on cardiovascular health have been well established. [2] [3] [4] [5] Studies have suggested that physical activity provides cardiovascular benefits independent of other modifiable CVD risk factors associated with a lower incidence of multiple diseases, including CVD, diabetes, cancer, and Alzheimer disease. 3, [6] [7] [8] [9] A recent US study further suggested that moderate to vigorous physical activity could significantly reduce premature mortality and prolong life expectancy. 10 Given this robust scientific evidence, the American Heart Association added physical activity to its My Life Check-Life's Simple 7 campaign to reduce the burden of CVD and improve overall health. 11, 12 In multiple recent scientific and policy statements, the American Heart Association has promoted assessment of physical activity in clinical settings and workplaces. 2,3,13-16 Ross et al 17 
and
Golightly et al 18 have also emphasized the growing evidence for objectively assessing cardiorespiratory fitness (CRF) as a vital sign in health care settings. However, unlike anthropometric measurements and serum biomarkers, physical activity and CRF assessments have largely been neglected by clinicians. The most commonly used physical activity assessments are the patient's selfreported history and health and lifestyle questionnaires. 2 However, objectively measured CRF levels are often significantly lower than expected based on self-reported physical activity. 19, 20 Although good performance on accurate and objective CRF assessment tools such as exercise tolerance tests has been inversely associated with future CVD, 21, 22 these examinations are expensive, timeconsuming, and often require professional facilities and trained personnel to administer. The use of these tools remains limited to particular occupations and targeted patient populations. To our knowledge, no study has examined the association of push-up capacity, a simple, no-cost, surrogate measure of functional status, with future cardiovascular events. In this study, we examined baseline performance on commonly performed physical fitness assessments (push-up capacity and submaximal treadmill tests) and its association with subsequent incident CVD events in a cohort of occupationally active men. We hypothesized that higher fitness levels would be associated with lower rates of incident CVD.
Methods

Study Population
This study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline for cohort studies. 23 measurements of height, weight, blood pressure, and resting heart rate. 24 A self-administered health and lifestyle questionnaire provided information about smoking habits, alcohol consumption, marital status, family history of disease, and educational level. Baseline physical fitness assessment included push-up capacity and treadmill exercise tolerance tests conducted per standardized protocols. 25 For push-ups, the firefighter was instructed to begin push-ups in time with a metronome set at 80 beats per minute. Clinic staff counted the number of push-ups completed until the participant reached 80, missed 3 or more beats of the metronome, or stopped owing to exhaustion or other symptoms (dizziness, lightheadedness, chest pain, or shortness of breath). Numbers of push-ups were arbitrarily divided into 5 categories in increments of 10 push-ups for each category. Exercise tolerance tests were performed on a treadmill using a modified Bruce protocol until participants reached at least 85% of their maximal predicted heart rates, requested early termination, or experienced a clinical indication for early termination according to the American College of Sports Medicine Guidelines (maximum oxygen consumption [V O 2 max]). 26 Occupational activity status was provided by the fire departments to the medical clinic, and the vital status of firefighters who were retired was verified through a registry of Indiana firefighter deaths constructed during an earlier mortality study. 27
Main Outcomes and Measures
The main outcome that we examined in this study was incident CVD-related events among participants. Cardiovascular disease-related events were defined as incident diagnosis of coronary artery disease or other major CVD event (eg, heart failure, sudden cardiac death). Participants were followed up from the date of enrollment (initial examination during the study period) until an outcome event or December 31, 2010, whichever came first. Cardiovascular disease events were verified clinically at return-to-work evaluations, fitness-for-duty examinations, or subsequent periodic examinations, all performed by the same clinic.
Statistical Analysis
Continuous characteristics were presented as mean (SD), whereas categorical variables were shown as frequency or percentage. Covariates were compared among groups using the χ 2 test of independence for categorical data and the t test or the analysis of variance test, as appropriate, for continuous data. The primary analyses were restricted to firefighters who completed a test of baseline push-up capacity. Incidence rate ratios (IRRs) were computed using the Poisson regression model with log-link function. Cox proportional hazards regression models were used to model the association of V O 2 max categories and push-up groups with the time to each outcome of interest from baseline, adjusting for age and body mass index (BMI) (calculated as weight in kilograms divided by height in meters squared); the resulting hazard ratios together with the corresponding 95% CIs and P values were reported. Kaplan-Meier estimates for the cumulative risk of CVD event were computed in the different push-up categories, compared using the log-rank test, and presented as a 
Results
Study Population
A total of 1562 eligible firefighters underwent baseline examination between February 2, 2000, and November 12, 2007, and were included in the initial retrospective cohort. Mean (SD) age at baseline for all participants was 39.6 (9.2) years and the mean (SD) BMI was 28.7 (4.3). Table 1 shows the baseline characteristics of the 1104 participants for whom push-up information was available stratified by push-up capacity at baseline examination. As summarized in Table 1 , push-up capacity was found to be significantly inversely associated with most of the baseline risk factor variables that we examined (age, P < .001; BMI, P < .001; systolic blood pressure, P < .001; diastolic blood pressure, P < .001; total cholesterol level, P = .02; low-density lipoprotein cholesterol level, P = .04; triglycerides, P < .001; glucose level, P < .001; and smoking status, P < .001), although it was significantly positively associated with the estimated V O 2 max (P < .001). The baseline characteristics of firefighters without push-up data were similar and not statistically different from those who completed the push-up capacity evaluation on all markers of CVD risk.
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Association of Push-ups and CVD-Related Outcomes
During the 10-year follow-up period, 37 CVD-related outcomes (1104 participants, 8601 person-years) occurred among firefighters with recorded push-up capacity data at baseline and were included in our analyses ( Table 2) . We observed significantly lower CVD IRRs in all groups with higher push-up capacity compared with the group with the lowest baseline push-up capacity. Participants able to complete more than 40 push-ups had a 96% reduction in incident CVD events compared with those completing fewer than 10 push-ups (IRR, 0.04; 95% CI, 0.01-0.36). In comparison, we observed similar crude IRRs of CVD outcomes when stratifying the cohort by estimated V O 2 max baseline. Table 3 shows the results of the Cox regression models for the association of push-ups and V O 2 max groups with CVD outcomes. Even after adjusting for age and BMI, we observed an independent association of push-up capacity with CVD outcomes. Increased capacity was associated with a lower risk for CVD outcomes, with the comparison of the 21-to 30-push-ups group vs the 0- 
Discussion
This study found that push-up capacity was inversely associated with 10-year risk of CVD events among men aged 21 to 66 years. Thus, push-up capacity, a simple, no-cost measure, may provide a surrogate estimate of functional status among middle-aged men. Participants able to perform 11 or more push-ups at baseline had significantly reduced risk of subsequent CVD events. To our knowledge, this is the first study to report the inverse relationship between push-up capacity at baseline and subsequent CVD-related outcomes in an occupationally active male cohort.
Previous cross-sectional studies have incorporated push-ups in the assessment of muscular fitness and its correlation with cardiometabolic risk markers. 28, 29 In those studies, the authors found that a higher level of muscular strength was associated with lower cardiometabolic risk independent of cardiorespiratory fitness in the cohorts observed. Muscular strength has been shown to have an independent protective effect for all-cause mortality and hypertension in healthy males and is inversely associated with metabolic syndrome incidence and prevalence. 30 However, most of those studies were either cross-sectional 29, 31, 32 or conducted with adolescent participants. 28, 29 Our retrospective cohort study provides further insights into the association of greater fitness, specifically muscular strength, with CVD-related outcomes in an occupationally active cohort across 10 years of follow-up. Statistical adjustment for age and BMI suggested that some of the risk reduction seen with higher push-up categories was accounted for by these characteristics. There was also evidence that differences in established CVD risk factors (blood pressure, serum lipid levels, and smoking behavior) may explain much of the residual differences in outcome. Nonetheless, the results of this study support an inverse association between push-ups and CVD events among middle-aged men. In the present study, push-up capacity was more strongly associated with future CVD risk than was V O 2 max as estimated by submaximal stress tests. Previous studies have documented that submaximal stress tests can overestimate or underestimate CRF owing to the assumptions involved with extrapolating from submaximal to maximal results. 33, 34 The use of age and BMI in occupational settings as determinants of fitness for duty has been avoided owing to concerns related to the Americans with Disabilities Act. [35] [36] [37] However, push-up capacity is a functional test. Many fire and police departments have neglected to provide periodic medical examinations or functional tests such as stress tests owing to cost concerns. 38, 39 The push-up examination requires no special equipment, is low cost or no cost, can easily be performed in almost any setting within 2 minutes, and provides an objective estimate of functional status. It is a quantitative measurement that is easily understood by both the clinician and the patient. The use of push-up capacity could assist clinicians in presenting objective information on CVD risk and in formulating physical activity and weight reduction prescriptions for patients. Fonarow et al 40 suggested that the workplace is an important setting for promoting cardiovascular health; however, current workplace wellness programs often lack the appropriate physical activity assessment tools and the resources for exercise tolerance tests. Therefore, push-up capacity could potentially be an easily implemented tool and used as part of a comprehensive workplace wellness program.
Previous cross-sectional research in firefighters established that those with low CRF were significantly more likely to have abnormal results on maximal stress tests, worse CVD risk profiles, and a higher prevalence of metabolic syndrome, suggesting a higher future risk of CVD events. 21, 41 As a result, it is recommended that individuals with low CRF (<12 metabolic equivalents) receive cardiovascular risk reduction management. 21 Again, a significant limitation of this recommendation is the requirement to perform costly and time-consuming maximal exercise stress tests. Most fire departments have been unable to adopt this recommendation for career firefighters, let alone for the volunteer firefighters who compose 70% of the fire service nationally. 42 The use of push-up capacity has the potential to improve the feasibility and implementation of physical fitness assessment in workplace settings. Based on the current study, CVD risk factor reduction should be recommended, including lifestyle measures for those with low push-up capacity, especially those capable of 10 or fewer push-ups.
Strengths and Limitations
The major strength of this study is the use of an objective surrogate measure of functional status, The current study has several limitations. First, the study assessed the association between push-ups and CVD events. The results do not support push-up capacity as an independent predictor of CVD risk. Second, because the study cohort consisted of middle-aged, occupationally active men, the study results may not be generalizable to women, older or nonactive persons, other occupational groups, or unemployed persons. Further studies are needed to examine the association between push-up capacity and CVD incidence in a more general population of middle-aged men as well as among older individuals and women. The fitness evaluation was voluntary for the firefighter population used for this study; thus, the baseline measurements were missing information for approximately one-fourth of participants. However, the characteristics of participants with missing push-up information were similar to those with available push-up information. Nonetheless, this decreased the statistical power. In addition, given that the tests performed were not adjusted for multiple comparisons, some of the significant findings could be due to chance.
Conclusions
In this 10-year longitudinal study, participants able to complete more than 40 push-ups were associated with a significant reduction in incident CVD event risk compared with those completing fewer than 10 push-ups, which may be explained by significant differences in recognized CVD risk factors at baseline among the groups. The findings suggest that being able to perform a greater number of push-ups at baseline is associated with a lower incidence of CVD events among active adult men. Thus, results from this study suggest that it is reasonable for clinicians to assess functional status during clinical evaluations by using basic questions regarding activity. Further research is
